The Xishuangbanna (SW China) landscape has changed dramatically during the past three decades due to the conversion of tropical rainforest to rubber plantations. This study characterized the influence of conversion of tropical rainforest to rubber plantation on potential splash erosion rate and actual splash erosion rate. The average potential splash erosion rate was 2.1 times higher in the rubber plantation than in the open, while for the rainforest it was only 1.2 times higher than in the open, suggesting that the rubber plantation canopy greatly increased the rainsplash erosion. The average actual splash erosion rate was 2.0 times higher in the rubber plantation than in the rainforest, demonstrating that the rainforest was more effective in controlling splash erosion. The actual splash erosion rate was considerably lower in the terrace bench than in the riser bank in the rubber plantation, indicating that the riser bank was more sensitive to raindrop splash. Hence, protection of terrace risers with productive vegetation or litter/mulch layer is of vital importance in this bench-terraced rubber plantation. These results clearly show that conversion of tropical rainforest to rubber plantation had a negative effect on controlling splash erosion.
INTRODUCTION

Splash erosion generally does not occur in natural forest
area since litterfall and understory vegetation form a protective layer on the soil surface (Nanko et al. ) . However, in some monoculture plantations, splash erosion becomes a primary concern for soil conservation (Calder ) .
Under high, single forest canopy the kinetic energy reaching the ground surface was significantly greater than that of natural rainfall (Mosley ; Nanko et al. ) . Under low, single-layer vegetation cover, the energy reaching the ground is thought to be decreased (Vis ; Wainwright et al. ) . However, few studies have investigated the erosivity of throughfall or splash erosion potential under the canopy of tropical forests (Critchley & Bruijnzeel ; of tropical rainforests during the past several decades (Xu et al. ; Li et al. ) . The conversion of tropical rainforest to bench-terraced rubber plantation could have a major impact on soil properties, and possibly make the soils more vulnerable to erosion (Zhang et al. ; Liu et al. ) . In steep areas, terraces are often constructed before planting rubber trees. This causes two important changes in the soil: (1) the soil in the bench terraces is destabilized; and (2) the unvegetated riser faces are more vulnerable to erosion than the original condition (Critchley & Bruijnzeel ; Bruijnzeel et al. ) . Unfortunately, few studies have documented the nature and intensity of erosion on bench terraces (Critchley & Bruijnzeel ; Van Dijk et al. ) , particularly in bench-terraced rubber plantations (Liu et al. ; Lu et al. ) . This study evaluates the influence of conversion of tropical rainforest to rubber plantation on potential splash erosion rate and actual splash erosion rate. The main objective of the study is to assess the influence of forest type on the splash erosion of rainwater input after its passage through the canopy.
MATERIALS AND METHODS
Site description
The Potential splash erosion rate is defined as the amount of the disturbed soil per unit source area that was mobilized by rainsplash. It was measured by using disturbed soil samples highly susceptible to rainsplash erosion, and therefore it can be appropriate for examining the difference in kinetic energy of natural rainfall or throughfall. Soils were collected from the top 5 cm of the soil layer in the rubber plantation and tropical rainforest, and dried at 105 W C for 24 h and prescreened using a 2 mm aperture square-hole sieve. The disturbed soil is poorly aggregated, with great susceptibility to splash erosion Table 1) between 10 August and 15 November 2010. The splash cups were re-installed after each observation period.
Student's t-test was used to detect the differences in potential splash erosion rate and actual splash erosion rate between the rubber plantation and the open, and between the tropical rainforest and the open. All statistics were conducted using the program SPSS 13.0 (SPSS Inc., Chicago, IL).
RESULTS
Over the total period of observation, the rainfall amount was 497.5 mm. As expected, the throughfall amount was higher in the rubber plantation (396.5 mm) than in the tropical rainforest ; Table 1 The actual splash erosion rate was highest in the riser bank, followed by the terrace bench in the rubber plantation, while the lowest was in the tropical rainforest (Table 3 ). The average actual splash erosion rate in the rubber plantation (2,258 ± 1,547 g m -2 ) was 2.0 times as large as that in the tropical rainforest (1,144 ± 996 g m -2 ).
There were significant differences in actual splash erosion rate between the tropical rainforest and the rubber plantation (P < 0.05).
The potential splash erosion rate was much larger than the actual splash erosion rate in the three forest sites. The ratio of actual splash erosion rate to potential splash erosion rate was 0.5 for both the terrace bench and the riser bank, and 0.3 for the tropical rainforest, suggesting that the splash erosion rate of the undisturbed soil was much lower than that of the disturbed soil.
Linear regression analysis showed that for each forest site, the potential splash erosion rate was strongly correlated with the 1-h maximum throughfall intensity (R 2 ¼ 0.824), but weakly correlated with the total throughfall amount () stated that the soil splash detachment rates in a Japanese cypress plantation were weakly correlated with the total amount of rainfall, but strongly correlated with the maximum value of rainfall over short time scales, such as 1 h. These findings were also confirmed by the data presented here, which
showed that the potential splash erosion rate was highly correlated with the 1-h maximum throughfall intensity, but weakly correlated with the total throughfall amount. This is principally because of the continuous and concentrative raindrop impacts over a short time duration (Nanko et al. ). The potential splash erosion rate was strongly correlated with the total rainfall amount, but tended to be weakly correlated with the maximum rainfall intensity over short time scales (Table 4) It is worth noting that for the forest site, the coefficient of determination derived from the amount of potential splash erosion for all the cups was considerably lower than that from the average amount of potential splash erosion (Table 4) The average potential splash erosion rate was 2.1 times higher in the rubber plantation than in the open, suggesting that the rubber tree canopy greatly increased the rainsplash erosion. As expected, there were significant differences in potential splash erosion rate between the rubber plantation Clearly, further researches are essential to investigate the erosion processes and the relationships of raindrop size distribution, rainfall intensity and kinetic energy of rainfall on these bench terraces. 
